In an earlier work we reported that treatment of precocene I with Brönsted and Lewis acids produces its oligomerization, giving dimers, trimers, tetramers, etc. Now, in this article we show that bromination of precocene I with phenyltrimethylammonium tribromide (PTT) blocks its oligomerization giving a dibromodimer, which was reduced with tri-n-butyl tin hydride affording the same dimer obtained in the reactions with acid, thus avoiding the oligomerization. Additionally, the oxidations of precocene I with Jones reagent afforded the corresponding 3-hydroxy-4-chromanone, 3,4-chromandione, 3,4-diacid, and two dimers.
Precocene I (1) and precocene II (2) are 2,2-dimethyl chromenes, which have been isolated from Ageratum houstonianum and other species of this genus [1] [2] [3] . These compounds produce multiple effects on metamorphosis during the pre-adult stages of insects [3] [4] [5] . It has been shown that precocene I (1) in addition to inhibiting juvenile hormone biosynthesis induces ovarian activation and alters the production of the sterility signal [6] . Analogues of these antijuvenile hormones have been prepared for obtain compounds with higher biological activity [7] [8] [9] [10] [11] . To this end, by treatment of precocene II (2) with different Bronsted and Lewis acids, we have prepared several dimers by acid dimerization and oxidative one-electron coupling reactions [12] [13] [14] [15] . In these treatments of 2 with acids the possible oligomerization is blocked by the formation of the dimer 3.
In this context, we have recently studied the same reactions with acids of precocene I (1) , showing that the oligomerization is produced forming dimers, trimers, tetramers, etc, such as 4 and 6. Indeed, cyclic tetramers as 7 were also obtained, while an analogous dimer of 3 was not formed [16] . Now, continuing with these works on precocene I (1), we decided to study its dimerization using a bromonium ion. Thus, we block the oligomerization of 1 in its first step to form only the corresponding dimer. To this end, we have replaced the acids with the reagent phenyltrimethylammonium tribromide (PTT), also known as phenyltrimethylammonium perbromide, a compound used in the allylic bromination of an oxo group or a cyclic ketal without attacking aromatic rings [17] [18] [19] [20] . The reaction of precocene I (1) with PTT afforded the bromo-precocene derivative 5 and a mixture of two inseparable isomeric dibromo-dimers 8 and 9.
The 3-bromo-precocene I (5) showed in its mass spectrum molecular ions at m/z 270 and 268 characteristic of the presence in the molecule of a bromo atom. Its 1 H NMR spectrum showed the typical signals of the aromatic ring of precocene I and the disappearance of one of the double bond protons, now being replaced with a bromo atom. This was located at C-3 considering the HMBC experiment where a correlation of the gem-dimethyl protons at  H 1.54 with the C-3 at  C 121.8 was observed. In addition, H-4 ( H 6.64) showed crosspeaks with C-2 ( C 80.1), C-3 (121.8) and C-5 (126.3). Reduction of this compound 5 with tri-nbutyl tin hydride afforded precocene I (1).
The mixture of the two isomeric dibromo-dimers 8 and 9 was characterized in the following way: Its mass spectrum showed molecular ions at m/z 540, 538 and 536 characteristic of a molecular structure with two bromo atoms. The HREIMS ion at 538.0192 was in accordance with the molecular formula C 24 with the bonded C-6' at  C 126.2, and the 3',4'-double bond substituted with a bromo atom at C-3',  C 121.5, a similar value to that observed in the bromo-precocene 5,  C 121.8. The HMBC experiment showed correlations of the two methyl groups at  H 1.62 (H-11 and H-12) with C-2 at  C 80.2 and C-3 at  C 60.5 (transisomer) and 63.0 (cis-isomer), while the two methyl at  H 1.55 (H-11' and H-12') showed crosspeaks with C-2' ( C 80.3) and C-3' ( C 121.5) in both isomers. Some of the fractions containing the isomers 8 and 9 were contaminated by the bromo-dimer 10, which was probably formed by protonation of 1 with the HBr originated in the reaction. Resonances of the two H-3 appear in 10 at  H 1.82 (1H, br m) and 1.95 (1H, dd, J = 13.2, 6.0 Hz), and that of H-4 at 4.44 (1H, br m).
Reduction of the mixture of isomers 8 and 9 with tri-n-butyl tin hydride afforded the dimer 4, identical with that obtained by treatment of precocene I with HCl/MeOH [16] .
The preparation of the dimer 4 by the method described here, blocking the oligomerization and avoiding the formation of other oligomers, also open a route to the selective preparation of the corresponding linear tetramers, simply by reaction of the dimer 4 with the same PTT reagent and its following n-Bu 3 SnH reduction.
Continuing with these works on the chemistry of precocene I (1) we have studied its oxidation by Jones reagent for the purpose of comparing the results previously obtained in the same reaction with precocene II (2) [21] , and also to block its oligomerization to obtain other dimers. Now, the oxidation of precocene (1) led to five compounds: the 3-hydroxy-4-chromanone 12, 3,4-chromandione 13, 3,4-diacid 14, dimer 15 and chromanone-dimer 16.
The molecular formula of compound 12 was determined as C 12 H 14 O 4 by HRMS. Its 1 H NMR spectrum showed the signals of the aromatic ring, similar to those observed in the starting material, two methyl groups and a geminal proton to a hydroxyl group resonating at  H 4.34(s). This secondary alcohol must be situated at C-3 because crosspeaks of the H-11 and H-12 methyls with C-2 and C-3 were observed in the HMBC spectrum. The singlet form of H-3 indicated a possible oxo group at C-4, which was confirmed with a signal at  C 192.5, which correlates with H-5 at  H 7.73. Therefore, this compound was identified as 3-hydroxy-4-chromanone (12) [22] .
Another compound obtained in this reaction was the 3,4-chromandione 13 of molecular formula C 12 H 12 O 4 , which probably is formed in the reaction by oxidation of the alcohol 12. In comparison with this product, in the 13 C NMR spectrum of 13 the signals of the -CHOH group have now disappeared, which have been replaced with the resonance of a carbonyl group at  C 195.9. This compound 13 had been obtained by oxidation of the chromanone 11 with isoamyl nitrite [23] . Now we have assigned its 13 C NMR spectrum (Table 1) .
A diacid (14) was also formed in this reaction. In its HRMS appears the molecular ion at m/z 254.0854 in agreement with the formula C 12 H 14 O 6 . The 1 H NMR spectrum showed, as in the case of 13, only resonances of the aromatic protons and of the two methyl groups. In the 13 C NMR spectrum the corresponding signals of these functions were observed, and in addition those of two carboxyl functions at  C 169.1 (C-4) and 175.9 (C-3), which were located in the molecule by the correlations observed with H-5 and H-11,H-12, respectively, in the HMBC experiment.
The structure 15 was assigned to a dimeric compound also isolated in this reaction. In its HRMS the molecular ion appears at m/z 380.2015 (C 24 H 28 O 4 ). The 1 H NMR spectrum showed resonances of H-3 and H-4 as double doublets at  H 2.62 and 2.99, with coupling constants of 6.5 and 1.4 Hz. The HMBC experiment showed correlations of H-3 with C-2, C-3, C-4 and C-9, of H-4 with C-3, C-4, C-5, C-9 and C-10, and of H-5 with C-4. These data indicated a symmetric dimer bonded by the carbons C-3,C-4 and C-4,C-3 of two different monomeric units, forming a cyclobutane ring. This dimer had been obtained by treatment of precocene I with trichloroacetic acid-silica-gel [24] .
Another dimer obtained in this reaction was a dimeric ketone, to which the structure of a chromanone-dimer (16) was assigned on the basis of the following considerations: In the HRMS a molecular ion at m/z 410.1749 was in accordance with the molecular formula C 24 H 26 O 6 . Its 1 H NMR spectrum indicated that 16 was a dimer with a symmetric structure. A double doublet at  H 6.43 (J = 8.0, 2.5 Hz) and a doublet at 7.61 (J = 8.0 Hz) were assigned to H-6 and H-5, respectively, while another doublet at  H 6.32 (J = 2.5 Hz) was due to H-8. The HMBC experiment showed connectivities between H-3 ( H 2.81) and C-2 ( C 82.8), C-3 (54.4), and C-4 (190.0) indicating that the two monomers are joined by the C-3 carbons of two different chromanone units.
The products obtained in the oxidation of precocene I (1) were similar to those formed in the same reaction with precocene II (2) [21] , probably originating in both cases via the corresponding 3,4-epoxide. The sole exception was now the formation of the cyclobutane dimer 15, which was attributed to the acid medium of the reaction [24] .
Experimental

General Experimental Procedures:
1 H NMR spectra were recorded in CDCl 3 solution at 500 MHz with a Bruker AMX-500 Dimerization of Precocene I Natural Product Communications Vol. 12 (5) 2017 693 spectrometer, and 13 C NMR at 125 MHz in a Bruker AMX-500, except those of 13 and 16, which were recorded at 100 MHz, in a Bruker Advance-400. Mass spectra were taken at 70 eV (probe) in a Micromass Autospec. HPLC was performed using a Beckman System Gold 125P. Purification by HPLC was achieved using a silica gel column (Ultrasphere Si 5m, 10 x 250 mm). Dry column chromatography was made on silica gel Merck 0.2-0.065 mm. Precocene I was purchased from Aldrich.
Reaction of precocene I (1) with phenyltrimethylammonium tribromide (PTT): To a solution of precocene I (1) (320 mg) in CCl 4 (1.6 ml) PTT (1 gr) was added and kept with stirring, under nitrogen, for 4 h at room temperature. Usual work up and chromatography, eluting with petroleum ether-EtOAc (95:5) afforded the 3-bromo-precocene I (5) (170 mg), a mixture of the epimeric dimers 8 and 9 (55 mg) and starting material (30 mg). Reduction of the dimers 8 and 9: To the mixture of the bromoisomers 8 and 9 (12 mg), in dry toluene (4 ml), tri-n-butyl tin hydride (36 L) and azobisisobutyronitrile (traces) were added. The solution was heated to reflux for 7 hours under nitrogen. After removing the solvent under vacuum, the residue was dissolved in diethyl ether (15 ml) and a saturated solution of KF was added, and stirred for 30 min. The precipitate of tin salts was filtered and the liquid was evaporated under reduced pressure. Purification by column chromatography (petroleum ether-EtOAc 98:2) led to the dimer 4 (6 mg).
3-Bromo-precocene I (5)
1
Treatment of precocene I with Jones reagent:
A solution of precocene I (1) (60 mg) in acetone (5 ml) was treated with Jones reagent (0.5 ml) freshly prepared. 
